The optimal length of the adaptation period after transportation of rats, to be used in nutritional studies, was investigated in this study. After intracontinental transportation of rats by car and by air to and from the laboratory for a total period of 15h, measurements were carried out for a period of 3 weeks after transport. Control and transported animals were housed in the same laboratory before and after transportation. During transport the animals had access to food and water. As blood collection could also cause stress, a factorial design was carried out with transport and blood collection as main factors. Transport or blood collection did not cause significant effects on the following parameters: body weight, growth, clinical observation, and blood enzyme activities of LDH and ASAT. Water intake was significantly increased after transport. Food intake did not show consistent effects after transport or blood collection. Unexpectedly, blood corticosterone levels were significantly lower in the transported animals at day 1 after transport. After 3 days these levels were back to normal. Blood glucose, blood free fatty acids and blood urea nitrogen concentrations were incidentally decreased, whereas total cholesterol levels showed an incidental rise in the transported rats. The open-field behaviour test revealed no clear-cut results concerning the effects of transport or blood collection on faeces production, rearing and ambulation. Our results indicate that after intracontinental transport, an adaptation period of 3 days appears to be sufficient for rats to be used in nutritional studies.
Summary
The optimal length of the adaptation period after transportation of rats, to be used in nutritional studies, was investigated in this study. After intracontinental transportation of rats by car and by air to and from the laboratory for a total period of 15h, measurements were carried out for a period of 3 weeks after transport. Control and transported animals were housed in the same laboratory before and after transportation. During transport the animals had access to food and water. As blood collection could also cause stress, a factorial design was carried out with transport and blood collection as main factors. Transport or blood collection did not cause significant effects on the following parameters: body weight, growth, clinical observation, and blood enzyme activities of LDH and ASAT. Water intake was significantly increased after transport. Food intake did not show consistent effects after transport or blood collection. Unexpectedly, blood corticosterone levels were significantly lower in the transported animals at day 1 after transport. After 3 days these levels were back to normal. Blood glucose, blood free fatty acids and blood urea nitrogen concentrations were incidentally decreased, whereas total cholesterol levels showed an incidental rise in the transported rats. The open-field behaviour test revealed no clear-cut results concerning the effects of transport or blood collection on faeces production, rearing and ambulation. Our results indicate that after intracontinental transport, an adaptation period of 3 days appears to be sufficient for rats to be used in nutritional studies. rise, which could increase the number of animals needed in order to detect statistically significant differences in the results. Our study was carried out to determine the minimum period of adaptation needed for nutritional studies, after rats had been transported intracontinentally, i.e. without a light-dark shift. This minimum period aims to ensure that stress effects due to transportation have been neutralized and experimental measurements can be carried out without interference of those effects. The length of the adaptation period is probably related to the severity and duration of the stress experience and the parameters chosen (Claasen 1994) . Studies with rabbits, rats and mice have indicated that alterations in weight gain, haematological parameters, blood corticosterone concentrations and behavioural changes occur after transportation IVan Ruiven et al. 1996) . A detailed analysis of literature revealed that relatively few articles have been published on this subject and that highly variable lengths of adaptation are indicated (Van Ruiven et al. 1996) . The reported studies often lack the use of proper control groups and show a shortage of detailed information' concerning the procedures used and the way the study was carried out (Van Ruiven et al. 1996) . A standardized, well-controlled rat experiment was carried out to determine the minimum length of the adaptation period after transportation.
Materials and methods

Animals and housing
The 48 rats (24 males and 24 females; one female died during transport, leaving 23 females) used in this experiment were offspring of eight pregnant outbred SPF Wistar rats (HsdCpb:WU, obtained from Harlan Cpb, Animal House FB, Zeist, The Netherlands). By mistake, no autopsy was performed on the dead female rat. The cause of death may have been caused by transport conditions (e.g. high environmental temperatures and/or aggression of other animals), because all animals were in good health when being shipped. The supplier reported that the rats were specified pathogen free for the following microorganisms (test results (14 March 1995) , the pups were divided into four groups of 12 rats (six males and six females). Rats from the same litter were equally divided over the groups and mean body weights of the groups were similar (mean body weights and standard deviation per group (in g; n = 6) were: males of Group 1: 54.3 ± 10.8; Group 2: 54.8 ± 9.7; Group 3: 53.7 ± 10.4; Group 4: 54.5 ± 11.8. Females of Group 1: 51.0± 13.6; Group 2: 53.0 ± 12.5; Group 3: 52.5 ± 12.4; Group 4: 51.3 ± 9.2. All rats were housed individually in stainless steel cages (depth x width x height = 27 x 33 x 16 cm) with a wire mesh bottom. The animals were individually marked by a number on the tail base. All four groups were housed in separate rooms (Group 1 in G0311; Group 2 in G0322; Group 3 in G0291; Group 4 in G03l2) within the same experimental unit, in order to prevent possible transfer of stress, e.g. due to pheromones or vocalization (Laat et al. 1989) . Climate was controlled in all rooms: temperature between 22-24°C, relative humidity 55 ± 10% and artificial lighting with a 12 h light/dark cycle (lights on from 07:00 until 19:00). All rats were provided ad libitum Blood collection Blood was collected on days 1,3, 7, 14 and 21 after transport (see Fig 1) . After the animals had been fasted (food withdrawn at 21:00 h on the previous day, also from the groups that did not undergo blood collection in order to equalize environmental influences), blood was collected between 08:30-09:15. Blood was collected by two persons in random order within and between groups, to prevent possible personal influences on rat parameters. Each experimental group consisted of six males and six females (only group 1 had 5 females, as one had died during transport). Groups 1 and 3 were transported on 27 March 1995 (day 0 of the experimental period). Until the day of transport, body weight and clinical observation (a detailed inspection of all visible parts of the individual rats) were measured once a week. After transporting rats in groups 1 and 3, body weight, food and water intake were measured in all four groups. A behaviour test (open field test) was performed according to a pre-determined schedule (see Fig 1) .
Husbandry
Animals were housed in a conventional unit. Each person entering the unit has to change shoes and put on a white coat. The responsible veterinarian designates a daily routing system (daily working sequence starting with animals having the 'cleanest' health status and thereafter 'less clean' animals), which is mandatory for everybody entering the unit. Group 3: Transport without blood collection (T)j Group 4: Control group without transport or blood collection (C). .Rats were placed in Macrolon III cages with sawdust under a heating lamp (40°C) at a distance of ca 25 cm above the animal. After 5 min, a small piece of the end of the tail was cut quickly by a sharp pair of scissors and about 1ml of blood was collected. Warming the rats makes blood collection faster and more reliable (less risk of clotting). EDTA had been added to the tubes (1.5mg EDTA per ml of blood) and EDTA plasma was prepared. This plasma was analysed immediately or frozen at -20°C until analysis. Part of the samples at days 1 and 3 was used for corticosterone analysis. Blood samples of groups 1 and 2 were analysed for a number of parameters. Results from literature indicated that blood concentrations of liver enzymes aspartate transaminase lAST) and lactate dehydrogenase (LDH) could be influenced by transportation (Bean-Knudsen & Wagner 1987). Levels of cholesterol and free fatty acids (FFA)were chosen as relevant parameters for lipid metabolism. Blood urea nitrogen (BUN) concentration was taken as an indicator for protein metabolism, and glucose level for carbohydrate metabolism. The concentration of corticosterone was chosen as an indicator of short-term stress.
Transportation
All rats in groups 1 and 3 were transported by car on 27 March 1995 from 6-7h from Vlaardingen to Amsterdam airport (ca 60 km). The animals were then transported by air from Amsterdam to Madrid (ca 1500km) from 10:25-13:00 h. At Madrid the boxes remained in the plane. From 15:20-17:50 h they were flown back to Amsterdam, followed by transport by car from Amsterdam to Vlaardingen from 20:00-21:00 h. The rats were transported in two plastified boxes (60 x 40 x 20 cm) with sawdust as bedding and 12 rats per box (group 1 in one box and group 3 in one box). In order to simulate normal practice of transportation, animals from different cages were housed in one box during transport. Two LIDE dataloggers were attached to the top of both boxes to monitor temperature and humidity during transport. A plastic pouch with wet standard 449 RMI(E)SQC(SDS, UK) food was put in both transport boxes as a source of food and water. Food was withdrawn from all groups at 21 h, because of blood collections in two groups on the following day. Conditions in the cargo hold of the plane were said to range between 15 to 20°C with an air pressure of 0.5 atmosphere and an air circulation of 2550 m 3 /h.
Blood analyses
Fasting before blood collection was necessary because of disturbance of FFA analysis in the case of a non-fasted state. All samples were collected in tubes with EDTA and immediately analysed at URL-VI on a Cobas Mira S Auto-analyzer (Hoffman la Roche AG, Basel, Switzerland) for all parameters, except corticosterone. Glucose was analysed with an enzymatical method using the hexokinase method (Testkit. Glucose, #1442 449, Boehringer Mannheim BV,Almere, The Netherlands); BUN was also analysed enzymatically using the urease/glutamate dehydrogenase method (Testkit UREA, #0736856, Hoffman la Roche AG). FFAwas analysed using the enzymatic method ACS-ACOD (Acyl CoA synthetase-acyl CoA oxidase method, article # 994-75409, Wako Chemicals NEFA-C). ASATwas analysed enzymatically according to the IFCC-method without pyridoxal phosphate (Testkit AST, # 0736422, Hoffman la Roche AG). According to the enzymatic SFBC method LDH was measured by using the testkit lactate dehydrogenase (Testkit LDH, # 736589, Hoffman la Roche AG). Total cholesterol was analysed according to the enzymatic CHOD-PAP method, using the testkit monotest cholesterol (Boehringer Mannheim BV,# 1442341). A small volume (50J11/rat)of plasma from days 1 and 3 were frozen at -20°C and then immediately sent to Solvay Duphar BV,(Weesp, The Netherlands) for corticosterone analysis. Analysis was performed in duplo with radioimmunoassay technique· (ICN 125 1 RIA rat corticosterone).
Behavioural study
A 'classical open field test' was performed with all animals from all four groups in their respective rooms. Each rat was placed indi-vidually into a ring of aluminium (diameter 1mJ height 35 cm) with a perspex bottom, which was divided into 12 areas. Each rat's behaviour was observed by one person (not one of the animal technicians collecting blood) for a period of 10 min each time. A frequency score was given for 1ambulation J (movements from one area to another; Fig 2  indicates how the open-field was divided in areast 'rearing', Jdefecation J and 'grooming J . 'Defecation J was chosen as a parameter, as it is a valid and reliable index of emotionality (Walsh & Cummins 1976) . 'Rearing' and 'ambulation' were'taken as indices of activity (Walsh & Cummins 1976) . JGrooming' (equivalent to Jwashing l ) was a parameter with only marginal reliability (Walsh & Cummins 1976t but was chosen because it was significantly decreased in mice after transport (Tuli et aI. 1995) . Because multiple tests provide greater reliability and the opportunity of temporal analysis (Walsh & Cummins 1976t open-field behaviour was recorded for all 47 rats at days 1+ 2J 7 + 8, 14 + 15 and 21 + 22 (indicated in the following text and tables as 'day IJ 7, 14 and 21 J respectively) after transport. The behaviour of 50% of the males and females of each group was scored on the first day (from 13:00 until 18:30 h)J and the behaviour of the remaining animals were scored on the next day. The sequence of groups and individual rats was at random. The perspex bottom was cleaned with soap and water and dried in 
Statistics
Data were analysed by three-way ANOVA with transport (TIJ blood collection (B) and sex as factors. In case a significant T x B interaction was foundJ separate analysis was done on animals that did or did not undergo blood collection. Blood parameters were analysed by two-way ANOVA with transport and sex as factors. Analyses were done for each day separately. Statistical analysis was done with SAS statistical package version (SASjSTAT® User's Guide 1990). The analysis of variance was performed on all dataJ except defecation and grooming frequency scores, which were analysed with FisherJs exact probability test. Differences were considered significant at the 5% level (P < 0.051 two-sided test).
This study was approved by the institutional animal ethical committee (Dierexperimentencommissie) concerning ethical aspects.
Results
There was a large variation in measured environmental conditions during transport: temperature ranged from 17.0°C to 28.5°C and the relative humidity ranged from 21.0% to 100%. The results of body weight J water and food intake are given in Table 1 . No significant transport effects were seen for body weight, growth (results not shown) and clinical observation (results not shown). Water intake was significantly increased by transport at day 1 and day 20. Blood collection led to a significant rise in water intake at day 10. Food intake was significantly decreased in the transported animals at day 3 and was significantly increased at day 20.
The results of the blood parameters are given in Table 2 influenced by transportation or blood collection. Blood glucose and FFA concentrations were significantly lowered by transport at days 1 and 7, and at days 1 and 21, respectively. Total cholesterol level showed a significant increase by transport at day 7. BUN concentration was significantly lowered at day 3 after transport. Significantly lower corticosterone concentrations compared to controls were found at day 1 after transport. Three days after transport this difference had disappeared. Females had significantly higher corticosterone levels than males at day 3. Frequency scores of the open-field test behaviours (ambulation, rearing, defecation and groomingl are presented in Table 3 . Ambulation was significantly decreased after blood collection at day 1 and a significant transport x blood collection interaction occurred at days 7/ 14 and 21. A significant transport x blood collection interaction concerning rearing behaviour was found on days 14 and 21. Separate analysis of animals that underwent blood collection showed significantly higher rearing and ambulation values for the transported animals compared to the controls on days 14 and 21/ whereas analysis of rats that were not subjected to blood collection showed significantly lower values for the transported animals on day 21. Defecation frequency was significantly increased by transport at day 1. Grooming behaviour was not significantly different between the groups. Female rats have a significantly higher score for ambulation throughout, and for rearing at days I, 14 and 21, as compared to male rats. 7  3  3  2  3  2  2  2  3  14  2  1  2  2  2  1  2  2  21  1  2  2  2  2  1  3  2 "Results are expressed as mean frequency scores for six males and six females per group, except T + B group, which'consisted of five females and six males "values are pooled SEMs of all males and females of all four groups <Significance: T =significant transport effect (P < 0.05); B=significant effect of blood collection (P < 0.05); T x B = significant interaction of transport and blood collection (P < 0.05) dPooled SEM cannot be given, because Fisher's exact probability test was used 
Discussion
Temperature and relative humidity registrations illustrate the great variability of environmental conditions that animals can be exposed to during transport. These changing environmental factors can be expected to differentially influence the physiology and well-being of individual animals. In our study rats were transported in March, in which no extremely high weather temperatures are reached in Western Europe. However, the registration of temperature and relative humidity illustrated the large variation that animals have been exposed to in this relatively mild season. In case the rats had been transported in the hot summer season, a high mortality and lung problems could have occurred, as was described by Slanetz et al. (1957) . In our study one rat died during transport. The possible disturbing influence of variations in environmental conditions during transport (Slanetz et a1. 1957) , illustrates the importance of an adaptation period. This adaptation period gives us the opportunity to select animals that are in a bad clinical condition or have become ill (poor weight gain). The adaptation period gives the animals a chance to become 'stabilized' before experimental procedures start. To avoid adverse effects of extreme environmental conditions on animal health and well-being, a fully airconditioned transport from door to door is recommended. Transportation stress did not (consistently) influence body weights, growth, clinical observation, food intake, blood ASAT and LDH concentrations in this experiment. So, from these parameters a minimum necessary period of adaptation after transportation, cannot be estimated. Dymsza et a1. (19631 reported a minimum necessary adaptation period in rats of 2 days, as judged on the basis of body weight development. However, no good control group was used. This could explain the difference with our results. The provision of wet pelleted food during transport probably aided in preventing weight loss, as was already described by Weisbroth et a1. (1977) . Provision of food and water during transport is therefore recommendable.
At day I water intake was significantly increased by transport. This may indicate that transport stress led to a higher water intake for one day. It could also be a physiological adaptation, as during transport the animals were provided with wet pellets only, whereas the control animals could obtain dry pellets and drinking water separately. Based on results of water intake, Grant et a1. (1971) indicated that an adaptation period of about 17 days is necessary for individually-housed female rats, and 19 days for female and 23 days for male group-housed rats. Unfortunately, no mention was made of a c;omparison to control groups nor the supply of food and/or water during transport (Grant et a1. 1971 ). An adaptation period as long as described by Grant et a1. (19711 cannot be supported by the results of our study.
Unexpectedly, blood corticosterone concentrations were significantly decreased by transportation at day 1. A possible explanation is that the blood was not collected van Ruiven et al. immediately after transport, but one day later. This one day recovery period may have led to lowering of blood corticosterone levels compared to the situation immediately after transport, as was described by Landi et a1. (19821. The method of blood collection may have influenced blood corticosterone levels also, because animal handling usually leads to an increased level of this parameter (Fagin et a1. 1983, Claassen 19941 . Blood collection for corticosterone measurements can be done more reliably from chronically cannulated rats (Fagin et a1. 19831 .In our case this method was rejected, as rats were housed together during transport, and as rats had to survive a 21-day period after transport. Fasting may induce stress in experimental animals as well (Claassen 1994). All these factors may have interfered with the results of our study, however, treatment of groups were standardized as far as possible.
Exposure to a certain stressor may alter the corticosteroid response to a second stressor that is applied later (Claassen 1994) . This habituation depends on the type of stressor that has been examined (Claassen 1994). Possibly the experience of transportation stress has (temporarily) decreased the sensitivity towards the stress of handling and blood collection, leading to lowered corticosteroid levels at day 1. At day 3 females had significantly higher corticosteroid concentrations than males. In general this sex difference is found for this parameter (Claassen 1994). This sex difference was not found at day 1, the reason for this is not clear. Other factors may have obscured this sex difference. Because of the large variation between animals of the same treatment group-which may be partly related to the method of blood sampling-these results are rather difficult to interpret. Based on blood corticosterone levels an acclimatization period of 3 days can be considered sufficient. An adaptation period of 1 or 2 days was also considered sufficient on the basis of corticosterone measurements in mice and rabbits (Landi et a1. 1982 , Aguila et a1. 1988 , Toth & January 1990 , Tuli et a1. 1995 .
No consistent effects of transport on all other blood parameters were detected. Thus, on the basis of these results, no minimum adaptation period for nutritional studies could be determined.
The results of the open-field behavioural test did not indicate consistent effects of transportation on the measured parameters. Our study is in accordance with the fact that females usually show a higher activity than males in the open-field (Claassen 1994). A significant transport x blood collection interaction occurred concerning rearing behaviour at days 14 and 21 and ambulation behaviour at days 7, 14 and 21. Separate analysis indicated that transportation in blood collected rats led to significantly higher rearing and ambulation frequency scores compared to controls at days 14 and 21, whereas transportation in rats that did not undergo blood collection led to significantly lower behaviour scores compared to controls at day 21. This might indicate that the history I previous experience of the rat (transported or non-transported) determines (partly) the direction of its behaviour when undergoing other (possibly stress and painful) procedures such as blood collection. These results support the concept of studying the development of open-field behaviour over-time, because this will give more information, greater reliability and the opportunity of temporal analysis (Walsh &. Cummins 1976) . This underlines the importance of having proper control groups in each experiment and that historical controls cannot (always) be used reliably.
In our study rats experienced no light-dark shift, as the animals remained within one continent and were returned to the same laboratory the same day. Mice that experienced a light-dark shift without being transported, had elevated blood corticosterone levels for a 2-week period (Weinert &. Eimert 19941. It is expected that the length of the adaptation period will increase significantly in case animals experience a light-dark shift while being transported. This needs further research.
Based on the normalization of the blood corticosterone values and other measured parameters, a minimum adaptation period of 3 days after transport appeared to be sufficient for rats being transported intracontinentally. In case a light-dark shift occurs, or 455 more extreme environmental conditions are experienced during transport, the period of adaptation is expected to be extended significantly. A careful climate control, including the supply of food and water, is recommended during the entire transport.
